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Evidence-based healthcare (EBHC) knowledge and skills are recognised as core compe-
tencies of healthcare professionals worldwide, and teaching EBHC has been widely recom-
mended as an integral part of their training. The objective of this overview of systematic
reviews (SR) was to update evidence and assess the effects of various approaches for
teaching evidence-based health care (EBHC) at undergraduate (UG) and postgraduate
(PG) medical education (ME) level on changes in knowledge, skills, attitudes and
behaviour.
Methods and findings
This is an update of an overview that was published in 2014. The process followed standard
procedures specified for the previous version of the overview, with a modified search.
Searches were conducted in Epistemonikos for SRs published from 1 January 2013 to 27
October 2020 with no language restrictions. We checked additional sources for ongoing and
unpublished SRs. Eligibility criteria included: SRs which evaluated educational interventions
for teaching EBHC compared to no intervention or a different strategy were eligible. Two
reviewers independently selected SRs, extracted data and evaluated quality using
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standardised instrument (AMSTAR2). The effects of strategies to teach EBHC were synthe-
sized using a narrative approach. Previously published version of this overview included 16
SR, while the updated search identified six additional SRs. We therefore included a total of
22 SRs (with a total of 141 primary studies) in this updated overview. The SRs evaluated dif-
ferent educational interventions of varying duration, frequency, and format to teach various
components of EBHC at different levels of ME (UG, PG, mixed). Most SRs assessed a
range of EBHC related outcomes using a variety of assessment tools. Two SRs included
randomised controlled trials (RCTs) only, while 20 reviews included RCTs and various types
of non-RCTs. Diversity of study designs and teaching activities as well as aggregated find-
ings at the SR level prevented comparisons of the effects of different techniques. In general,
knowledge was improved across all ME levels for interventions compared to no intervention
or pre-test scores. Skills improved in UGs, but less so in PGs and were less consistent in
mixed populations. There were positive changes in behaviour among UGs and PGs, but not
in mixed populations, with no consistent improvement in attitudes in any of the studied
groups. One SR showed improved patient outcomes (based on non-randomised studies).
Main limitations included: poor quality and reporting of SRs, heterogeneity of interventions
and outcome measures, and short-term follow up.
Conclusions
Teaching EBHC consistently improved EBHC knowledge and skills at all levels of ME and
behaviour in UGs and PGs, but with no consistent improvement in attitudes towards EBHC,
and little evidence of the long term influence on processes of care and patient outcomes.
EBHC teaching and learning should be interactive, multifaceted, integrated into clinical prac-
tice, and should include assessments.
Study registration
The protocol for the original overview was developed and approved by Stellenbosch Univer-
sity Research Ethics Committee S12/10/262.
Update of the overview
Young T, Rohwer A, Volmink J, Clarke M. What are the effects of teaching evidence-based
health care (EBHC)? Overview of systematic reviews. PLoS One. 2014;9(1):e86706. doi:
10.1371/journal.pone.0086706.
Introduction
Evidence-based health care (EBHC) is accepted by many as an approach for improving health
care [1]. Implementing the principles of EBHC is important in providing continuous improve-
ments in the quality and safety of delivered healthcare. It requires lifelong self-directed learn-
ing about the fundamentals of research and application of an evidence-based approach to
resolve clinical and other healthcare problems [2]. The Lancet report on the 21st century
health profession highlights the importance of EBHC knowledge, skills and attitudes and sug-
gests a shift to transformative learning in the training of healthcare professionals, where
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memorization of facts would be replaced with “critical reasoning that can guide the capacity to
search, analyze, assess and synthesize information for decision-making” [3].
Teaching and learning of EBHC has been widely recommended as an integral part of the
training of healthcare professionals [4, 5] with EBHC knowledge and skills recognized as core
competencies of healthcare professionals worldwide [3, 6]. Teaching EBHC covers the process
of practicing EBHC that includes: i) identifying knowledge gaps and formulating focused ques-
tions; ii) designing search strategies and identifying appropriate evidence to answer the ques-
tions; iii) critically appraising and interpreting research findings; iv) understanding the
applicability and generalizability of research findings; and v) monitoring and evaluating per-
formance [7]. Many EBHC teaching and learning strategies have been implemented, including
face-to-face, online and blended learning, that may involve directed or self-directed learning,
and may be delivered using different modalities, such as journal clubs, bed-side teaching, lec-
tures or workshops [6, 8]. Other strategies include interactive teaching with problem-based
learning, sharing information, flipped classrooms, group work, seminars coupled with discus-
sions, oral student presentations, different forms of experiential learning, as well as interdisci-
plinary collaboration with librarians and through different kinds of interactive and clinically
integrated teaching strategies. Newer methods, focused on gaming and simulation techniques
(virtual and no-virtual), have also been implemented and, in clinical practice, mobile devices
have been used for finding information, critical appraisal of clinical guidelines or specific task-
oriented information in relation to clinical practice [9]. However, EBHC is still reported as
being not sufficiently integrated into curricula for health professionals, for example in nursing
[10].
According to the three level hierarchy of EBHC teaching and learning strategies developed
by Khan et al., interactive teaching that includes clinical work is considered the most effective
way to teach EBHC, ahead of classroom didactics or stand-alone teaching [11]. In line with
this hierarchy, there is evidence suggesting that a standalone EBHC course, not integrated into
the larger clinical curriculum, is unlikely to be successful in achieving the expected knowledge
and behavioural changes, and that skills, attitudes, and behaviours improve more if the learn-
ing of EBHC is integrated in a clinical context, compared to using traditional didactic methods
[12]. Combining small group discussions, e-learning, case-based teaching or computer lab ses-
sions with didactic lectures is considered useful for achieving the intended knowledge and
skills outcomes [8, 13, 14]. However, integrating all five steps when teaching EBHC, including
decision making based on the best available research evidence, clinical expertise and patient
preference may be challenging [15, 16]. It is influenced by the timing of delivery of EBHC edu-
cation, [13, 17] difficulties with motivating students to learn EBHC, [13, 18] applying the most
suitable level of clinical integration [17] and the most appropriate theoretical framework for
achieving changes in knowledge, skills and attitudes, as well as the development of EBHC
related changes in behaviour [19, 20].
An overview of systematic reviews assessing the effects of teaching EBHC, published in
2014, concluded that EBHC teaching and learning strategies should be multifaceted, integrated
into the clinical context and should include assessment [21]. Since then, several systematic
reviews addressing questions related to teaching EBHC have been published. However, evi-
dence on the optimal learning environment, background and learning style of the learners,
delivery format, and structure of the most optimal course is still lacking [22]. An update of the
overview was needed to follow up on the SRs conducted after the publication of the original
overview, which provided clear guidance for future studies about the target interventions, pop-
ulations, and outcomes, along with preferred ways of measuring them and the required fol-
low-up time, was published. Assessing the subsequent evidence and adding up the available
findings will provide a clearer understanding of what works for whom and under which
PLOS ONE Effects of evidence-based health care (EBHC) teaching
PLOS ONE | https://doi.org/10.1371/journal.pone.0254191 July 22, 2021 3 / 28
circumstances. We decided to follow the approach of the 2014 overview and to use the already
existing evidence from available SRs instead of duplicating the effort and generating needless
research waste. We therefore aimed to update the overview published in 2014 to assess the
most recent evidence on the effects of various approaches used in teaching EBHC to healthcare
professionals at undergraduate and postgraduate level on changes in knowledge, skills, atti-
tudes and behaviour.
Methods
This is an update of the overview published in 2014, [21] for which the protocol was developed
and approved by Stellenbosch University Research Ethics Committee S12/10/262 (S1 File). We
followed the methods specified for the previous version of the overview but modified the
search for this update. We followed PRISMA [23] and the Synthesis Without Meta-analysis
(SWiM) [24] guidelines to report the methods and findings of this overview (S1 and S2
Checklists).
Criteria for considering systematic reviews for inclusion
In line with the original overview, [21] this update included systematic reviews (SRs) of ran-
domized trials, quasi-randomized trials, controlled before-and-after studies and interrupted
time series studies in which any pedagogical approach intended to teach any component of
EBHC methods and principles (such as the specific process of asking questions, acquiring and
assessing the evidence, and considering their applicability) was compared to no intervention
or to a different pedagogical approach. Systematic reviews evaluating educational activities
delivered through undergraduate and postgraduate courses, and to healthcare professionals,
were eligible. Outcomes of interest for this overview included knowledge, skills, attitudes and
practice related to EBHC. Systematic reviews published from 2013 to 2020 were added for this
update, regardless of language or publication status. Eligible SRs had to have predetermined
objectives and predetermined criteria for eligibility (a protocol), have searched at least two
data sources (including at least one electronic database), and have performed data extraction
and risk of bias assessment of included studies. When no information about the protocol was
provided in the article, we checked in PROSPERO and contacted the authors via e-mails.
Search methods for identification of systematic reviews
We searched Epistemonikos (Epistemonikos. Epistemonikos Foundation, Arrayán 2735, Pro-
videncia, Santiago, Chile; available at https://www.epistemonikos.org) to identify eligible SRs.
Epistemonikos is based on searches of a number of relevant databases for systematic reviews
(https://www.epistemonikos.org/en/about_us/methods), including: Cochrane Database of Sys-
tematic Reviews, PubMed, EMBASE, CINAHL, PsycInfo, LILACS, Database of Abstracts of
Reviews of Effects, The Campbell Collaboration online library, the Joanna-Briggs Institute
(JBI) database of Systematic reviews and Implementation Reports (JBI Evidence Synthesis),
and the EPPI-Centre Evidence Library. We limited our searches for this update to Epistemoni-
kos rather than using the individual databases searched in the previous overview because these
are now covered in Epistemonikos, single reliable database. This approach allows reducing the
time and resources, as there is no need of duplicates removal, and no influence of possible dif-
ferences on search terms in individual databases.The MEDLINE search strategy used in the
original overview was adapted for the search of Epistemonikos (S2 File). Terms used in the
MEDLINE search as index terms and text words were used for searches in Epistemonikos as
text words (for example, 1. evidence based healthcare, evidence based medicine, evidence
based practice, also with specific medical fields; 2. medical education, teaching, learning,
PLOS ONE Effects of evidence-based health care (EBHC) teaching
PLOS ONE | https://doi.org/10.1371/journal.pone.0254191 July 22, 2021 4 / 28
instructions, education) in the titles and abstracts of the records. Instead of keywords for sys-
tematic reviews, we used the filters for systematic review available in Epistemonikos. There
were no restrictions on language of publication. Publication type and Date of publication fil-
ters were applied to restrict the search to SRs published from 1 January 2013 to the date of the
search (27 October 2020). Ongoing SRs were identified from searches of PROSPERO,
Cochrane Database of Systematic Reviews, JBI Evidence Synthesis, Campbell Library and The
Best Evidence Medical Education (BEME) Collaboration. Backwards searching was conducted
to check for potentially eligible reviews not identified through database searching.
Study selection and data collection
Results of the search were exported from Epistemonikos into Covidence (Covidence system-
atic review software, Veritas Health Innovation, Melbourne, Australia. Available at www.
covidence.org) and duplicates were removed. Four authors (MMB, JK, TPP, JZ) screened titles
and abstracts independently and in pairs. Full texts of potentially eligible articles were obtained
and, following calibration exercises, full texts were screened for inclusion by the authors (TPP,
MMB, JK, JZ, LP, MV, TL, MK) and collaborators listed in the Acknowledgement section
(MP, GT), working independently in pairs. Disagreements arising at any stage of the study
selection process were resolved by an arbiter reviewer (TPP, MMB, AR, TY) not involved in
the original assessments. Before the start of data extraction, we piloted the data extraction
form used in the original overview [21] on one review to ensure common understanding of
the extracted items among all authors. Seven reviewers (including authors: TL, MV, LP and
collaborators: MPB, MP, GT, DL) worked in pairs to extract data from the included SRs (as
specified in the original overview) into a form developed in Excel (version Office 2012, Micro-
soft Corporation, Redmond, WA, SAD). The extracted data included specific details about the
populations involved, review methods, interventions (or concept), controls, outcomes and key
findings relevant to the objectives of this overview. All extractions were checked by three
authors (TPP, JZ, JK). Any disagreements were resolved by discussion. Authors of the papers
were contacted if missing or additional data were required. We also searched PROSPERO to
identify protocols of the reviews not providing any information about protocol, and have con-
tacted corresponding authors regarding the availability of the protocol via emails.
Assessment of methodological quality
The systematic reviews newly identified in this update were critically appraised using the stan-
dardized critical appraisal instrument AMSTAR 2 (A MeaSurement Tool to Assess Reviews)
[25]. In the original version of the overview, methodological quality of included SRs was
assessed using AMSTAR [26] which contained 11 items. Overall, according to the AMSTAR,
quality of the SRs in the original version of the overview was classified as high if they met
between 8 and 11 criteria, medium quality–if they met 4 to 7 criteria and low–if they met 3 or
less criteria.
In this update we revised critical appraisal of studies included in the previous version of the
overview by using the updated tool. AMSTAR 2 is a revised AMSTAR tool that aims to assess
the quality of systematic review methods in relation to 16 distinct criteria, with each item of
the AMSTAR 2 judged with “Yes“, “No”and “Partial Yes”[25]. Seven of these 16 are specified
as critical domains: items 2 (protocol), 4 (literature search), 7 (justification for excluding stud-
ies), 9 (risk of bias of individual studies), 11 (synthesis methods), 13 (incorporation of risk of
bias in interpretation), and 15 (publication bias). Six reviewers familiar with AMSTAR 2
(MMB, JK, TPP, AR, JZ, MK) assessed methodological quality by working independently in
pairs. Upon completion, assessments were analysed against each other and disagreements
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were resolved by discussion. Overall quality of included SRs was judged by adhering to the
published guidance with the following criteria: high–for having none or only one non-critical
weakness, moderate—if there was more than one non-critical weakness, low–one critical flaw,
critically low–more than one critical flaw [25].
Data synthesis
We initially planned to report the effects of strategies to teach EBHC using relevant effect mea-
sures along with 95% confidence intervals (CI). However, due to the high heterogeneity of
interventions, comparators, participant groups and methods used to measure the effects in the
included SRs, as well as different outcomes being addressed, quantitative synthesis was not
possible. Furthermore, most SRs had missing or poorly reported effect sizes of included stud-
ies, which made it impossible for us to undertake a meta-analysis of the effect estimates. There-
fore, we reported the review level findings as provided in the included SRs and presented the
results narratively for all SR included in the overview. Our descriptive summary followed the
approach used in the original overview and considered grouping the findings according to the
(i) population (undergraduate, postgraduate, and mixed), (ii) educational interventions versus
no intervention, control intervention, or pre-test, and (iii) outcomes including knowledge,
attitudes, skills, composite outcomes, behaviour changes, use in clinical practice and patient
outcomes. Effect measures were used when available. This updated overview followed the con-
ceptual framework for identifying "what works, for whom, under which circumstances and to
what end" (Table 1). Because of high variability in questions asked by each included review,
populations, interventions, and comparators analysed, as well as the way the outcomes were
measured, we were unable to further explore the heterogeneity of the effect sizes as they were
not sufficiently reported by the SRs. Insufficient information provided in the included SRs pre-
vented us from assessing the certainty of the reviews’ findings. Therefore, we followed the
guidance from the Cochrane Handbook [27] and presented the certainty of evidence assess-
ments as they were reported in the included SRs. However, only two included reviews [28, 29]
reported the certainty of evidence.
To collect more detailed information on interventions and their effects, besides having
included data from the SRs, we also checked the full texts of all studies included in the SRs.
The individual study level findings are described here per study design and the level of medical
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education. We made no attempts to quantitatively summarise the findings or assess the quality
at the level of the included studies.
We used tabular and graphical methods to present the findings at the review level (as
reported by the authors of the review) and on the individual study level findings, including
information on different population groups, interventions used, and relevant outcomes
assessed.
We used colour coding corresponding to the different directions of effect: dark green (con-
sistent improvement reported by all reviews in a comparison, or all studies if only a single
review was included for the comparison), light green (less consistent improvement (improve-
ment found in some reviews/ studies/ certain designs but not in all reviews/ studies/ designs,
or improvement found only in a single study with weak design (BA)), yellow (reviews included
in the comparison or studies included in the review in the case of a single review reported no
difference between the groups), grey (unclear, inconsistent results) and white (not assessed).
Individual reviews, not the primary studies included in reviews, were used as the unit of analy-
sis unless only a single review was available for a specific comparison. In coding the colours,
we did not take account of any overlap of the primary studies. Explanations of the colour cod-
ing are provided alongside tables and figures to allow better understanding of the summarised
data.
Results of the updated search
The updated search yielded 1110 references. After duplicates were removed, 1062 titles and
abstracts were screened, of which 1005 were deemed irrelevant. We obtained and screened full
texts for the remaining 57 records, of which 50 were excluded, leaving seven new SRs eligible
for inclusion. One of these newly identified SRs [30] was the final publication of a SR that was
included as an unpublished version in the original overview [31]. Therefore, together with the
SRs identified in the original overview (n = 16), a total of 22 SRs are included in this update.
Lists of the excluded reviews with reasons for exclusion is provided in S1 Table. We received
no response from the majority of authors whom we contacted for more information regarding
the protocol. Of those who responded, they either did not develop a protocol in the first place,
or they worked according to a methods plan which they destroyed after they had finished their
research. One author reported having worked according to the protocol of another SR. Fig 1
illustrates the process of selecting SRs for inclusion in the update, including the previously
included SRs and the results of the updated search.
Description of included systematic reviews
This overview includes a total of 22 SRs: 16 identified in the original overview [12, 28, 30–44]
and six new SRs [8, 29, 45–48] (Table 2A and 2B). One SR [33] was published in French and
all others were published in English. From the two SRs identified as ongoing in the 2014 over-
view, one has since been published and included in this update,[8] but no information is avail-
able on the second [49]. Two further reviews are awaiting assessment [50, 51]. At the time of
this update, we also identified one ongoing SR, registered at BEME Collaboration [52]. Con-
sidering all 22 SRs included in this update, two included only randomized controlled trials
(RCT), while 20 included RCTs and various types of non-randomized study, such as non-ran-
domized controlled trials (CT), controlled before-after studies (CBA) and before-after studies
(BA). We have focused on the findings from RCTs, CTs, CBAs and BA studies.
Dates of publication ranged over 27 years. The first SR was published in 1993, followed by
six more up to 2006, and then one or two per year. The most recent SR was published in 2019.
Two focused on undergraduate students, [30, 31, 47] 11 on both under- and postgraduates [8,
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28, 33, 34, 38–42, 44, 45] and nine on postgraduates and practicing healthcare professionals
[12, 29, 32, 35–37, 43, 46, 48]. The SRs evaluated a variety of educational interventions of dif-
ferent formats (lectures, tutorials, instructions, problem-based learning, small group discus-
sions, journal clubs, workshops, clinically integrated methods delivered online or face-to-face
or in a blended form), duration and frequency and covered various components of EBHC
Table 2A and 2B). We categorized interventions into single interventions, covering a single
educational activity, such as a journal club, workshop, lecture or e-learning; and multifaceted
interventions, which include a combination of educational strategies such as journal clubs,
tutorials, mentoring, lectures, seminars, e-learning, for example a combination of tutorials and
journal clubs, tutorials and practical mentoring, lecture and small group session and computer
practice. Most SRs assessed a range of outcomes, which could be categorised as knowledge,
skills, attitudes, and behaviour, and in many cases were related to critical appraisal. Two SRs
focused on patient outcomes and process of care [29, 48]. For two other SRs, these outcomes
were also pre-specified, but not reported in the included primary studies. Across the 22 SRs, a
wide variety of outcome assessment tools were used.
Methodological quality of systematic reviews
The quality of included SRs varied significantly (Fig 2). Based on AMSTAR 2 three were
judged as having high quality [8, 28, 43], one as moderate quality [39], one as having low qual-
ity [29] and seventeen as having critically low quality [12, 27, 30, 32–38, 41, 42, 44–48]. The
most common reasons for low quality were not using satisfactory risk of bias assessment in
Fig 1. Flow diagram on the selection of systematic reviews.
https://doi.org/10.1371/journal.pone.0254191.g001
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Table 2. A. Characteristics of included systematic reviews: Undergraduate (UG) and postgraduate (PG), reviews shaded in grey were newly identified. B. Characteristics
of included systematic reviews: Postgraduate (PG) and continuing professional development in healthcare professionals (HCPs). Studies shaded in grey were newly
identified.
A
Review ID Types of participants Interventions Comparisons Studies included Outcomes Date recent
search
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Table 2. (Continued)
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Table 2. (Continued)
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individual studies included in the review, lack of a comprehensive search, not providing a list
of excluded studies with justification for exclusion. In the SRs included in the original version
of the review, lack of protocol was also a common reason for low quality. Among all the
included SRs, only one SR [8] conducted a quantitative synthesis and investigated publication
bias, while a second SR [36] performed funnel plot analysis despite having conducted no meta-
analysis. The justification for not combining studies in meta-analysis in 21 reviews was high
heterogeneity in the populations included, teaching methods and their comparators and differ-
ences in the methodological approach of outcomes assessment. Regarding non-critical items
of AMSTAR2 those commonly not met included reporting sources of funding for primary
studies included in the SRs, justification for study design selected to be eligible in the SR,
description of included studies in detail. On the other hand, the majority of included SRs
reported research questions including components of PICO, declaring conflict of interest, pro-
viding satisfactory explanation of heterogeneity (narrative).
Overlap between included systematic reviews
To examine whether the six new SRs have added to the evidence base or merely duplicated pre-
vious work, the matrix mapping included studies to SRs was updated to include both the new
SRs and the studies included within them (S1 Data). Collectively, the number of studies
included in all 22 SRs is 141 (Fig 3), of which 83 were reported in the 16 SRs from the original
overview and 58 studies were newly identified in the six SRs retrieved by the updated search.
There was a considerable overlap among individual studies included in the SRs, with 60 studies
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RCT: Randomized Controlled Trial; PG: Postgraduate; BA: Before After study; CT: Controlled Trial; UG: Undergraduate; CBA: Controlled Before After study; CS:
cross-sectional; HC: Health Care.
https://doi.org/10.1371/journal.pone.0254191.t002
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Effects of various educational interventions
The original overview [21] found that multifaceted, clinically integrated methods, with assess-
ment, improved knowledge, skills and attitudes compared to single interventions or no inter-
ventions. Amongst residents, these multifaceted clinically integrated interventions also
improved critical appraisal skills and the integration of results into patient decision making, as
well as knowledge, skills, attitudes and behaviour amongst practicing healthcare professionals.
Considering single interventions for residents, EBHC knowledge and attitudes were similar
when comparing lecture-based teaching versus online modules. None of the SRs included in
the original overview found any evidence on the effects of EBHC teaching on patient outcomes
or processes of care. The update brought more evidence on the effects of different EBHC
teaching methods, as compared with no intervention or control teaching methods, on knowl-
edge, attitudes, skills, behaviour and on processes of care and patient outcomes.
Summary of effects of interventions. The description below contains an integrated sum-
mary of all 22 SRs included in the update (also Table 3A and 3B and S2 Data).), while the
detailed description of the effects of interventions assessed in the newly included SRs in pro-
vided in S3 File.
Fig 2. Methodological quality of all reviews included in the update of the overview using AMSTAR 2 tool.
https://doi.org/10.1371/journal.pone.0254191.g002
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Teaching critical appraisal as compared to no teaching (or pre-test) was associated with
consistently reported increased knowledge across all studied populations, [28, 33, 39, 41, 44]
improved skills in undergraduates [33]. Such interventions were associated with less consis-
tently reported improved skills [28, 33, 36] and behaviour [33, 36, 41] in postgraduates, change
in behaviour in undergraduates [33] as well as less consistently reported improved attitudes
and inconsistent results regarding skills and behaviours in mixed populations [39, 44]. Only
one study reported certainty of evidence as low for knowledge and very low for critical
appraisal skills [28].
Journal clubs as compared to no journal clubs (or pre-test) were associated with consis-
tently reported improved knowledge and behaviour and less consistently reported improve-
ment in skills in one review covering mixed population [38]. The improvement in knowledge,
attitudes, skills [32, 34–37] and behaviour in postgraduates was less consistently reported in
five SRs. One SR did not report a difference when a composite score for knowledge and skills
[36] and the results for EBHC use in clinical practice were not consistent in two reviews [32,
35].
E-learning as compared to no e-learning (or pre-test) was associated with consistently
reported increase in knowledge, skills and attitudes in mixed populations (one SR [8]) and
consistently reported increase in knowledge and skills in undergraduates (one SR [30]). Online
workplace education [46] was associated with consistently improved skills in postgraduates.
For blended learning compared to no learning one SR [8] reported consistent improvement in
knowledge and composite score of knowledge and skills, less consistent improvement in
behaviour and no effect regarding attitude in postgraduates.
Two SRs included various, mainly multifaceted interventions to teach EBHC in mixed pop-
ulations [42, 45]. One SR included interventions that were mainly based in the classroom, [45]
Fig 3. Summary of source studies included in the systematic reviews. A–attitudes, B–behaviour, BA–before and after study, CBA–controlled before and after
study, CRCT- cluster RCT, CT- controlled trial, HP–health professionals, I–interns, K -knowledge, MI–multiple intervention, NRCT–nonrandomised
controlled trial, P–practice, Qual–qualitative study, R–residents, RCT–randomised controlled trial, S–skills, SI–single intervention, UG–undergraduates.
https://doi.org/10.1371/journal.pone.0254191.g003
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Table 3. A. Review level findings: Intervention vs no intervention (22 reviews–some of the reviews are shown in more than one population if separate data were pro-












Mixed group of participants (undergraduate, postgraduate, healthcare professionals, decision-makers, patients) (6 reviews)
Journal club control/pre-test [38] [38] [38]
Critical appraisal control/pre-test [39],[449] [39], [44] [39], [44] [39], [4439]
E-learning pure no intervention [8] [8] [8] [8]
Various, mainly multifaceted EBHC training
with workshops, lectures, longer EBHC
courses, small group discussions, journal club,
practical sessions (classroom based),
presentation, mentoring, online support, e-
mail list
control/pre-test [45] [45] [45] [45]
Various, mainly multifaceted EBHC
interventions with mixed lectures and
clinically integrated (majority at least 3 steps
of EBHC)
control/pre-test [42] [42] [42] [42]
Postgraduate students and healthcare professionals, managers, decision makers (15 reviews)










Critical appraisal /Critical appraisal course/











Blended no intervention [8] [8] [8] [8]
Standalone EBHC control/pre-test [12], [37] [12] [12], [37] [12]
Clinically integrated /Various educational
interventions supporting implementation of
EBHC (lectures, seminars, workshops,
mentors, fellowship, projects in practice or
combinations)
control/pre-test [12], [37] [12] [12], [37] [12], [37] [48]
Workplace education online pre-test [46]
Workplace education face-to-face pre-test [46] [46] [46]
EBHC course control/pre-test [36], [40] [32], [36]
Multifaceted intervention/interactive
workshops
control/pre-test [32], [36] [36] [32],
[40], [43]
[36], [29] [36]
Undergraduate students (5 reviews)
Critical appraisal course, lectures, seminars,
tutorials
control/pre-test [33], [41] [33] [33]
E-learning pure no intervention/
pre-test
[30] [30]
Standalone short instructions (seminar,
workshop, short course)
control/pre-test [30] [30] [30] [30]
EBHC course control [40] [40] [40]
Clinically integrated control/pre-test [30] [30] [30]
Multifaceted interventions (lecture, seminar,
reading, small group work, practical session,
individual work, personal digital assistant;
presentation, mentoring; also including




[30], [47] [30], [47] [47] [47]
B
(Continued)
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while the other mixed lecture-based strategies with clinically integrated teaching [42]. Various,
mainly multifaceted interventions were associated with consistently increased knowledge and
skills, with inconsistent findings regarding behaviour and attitudes in a mixed population.
However multifaceted interventions compared to a control group or pre-test scores were asso-
ciated with consistent improvement in behaviour in postgraduates, [29, 36] less consistent
improvement in knowledge and skills, [32, 36, 40, 43] and no effect on attitudes in postgradu-
ates [36]. In undergraduates multifaceted interventions compared to a control group or pre-
test scores were associated with consistent improvement in skills [47] and less consistent
improvements in knowledge, attitudes and behaviour [30, 47]. Only one study reported cer-
tainty of evidence as low for interventions that encouraged practitioners (physicians, residents,
allied health professionals) to use electronic health information (EHI) to improve clinical prac-
tice and patient outcomes [29].
Standalone teaching of EBHC was associated with less consistently reported improved
knowledge and skills and no significant effect on behaviour or attitude in postgraduates (two
reviews [12, 37]). One SR in undergraduates reported that the most consistent effect was
Table 3. (Continued)
Mixed group of participants (undergraduate,
postgraduate, healthcare professionals) (1
review)
E-learning pure face-to-face [8] [8] [8]
Blended pure e-learning [8] [8]
Blended face-to-face [8] [8] [8] [8] [8]
Postgraduate students and healthcare








Journal club face-to-face journal club
online
[32]
Workplace education online traditional face-
to-face
[46]










Self-directed EBHC directed EBHC
workshops
[40] [40] [40]
Dark green: consistent improvement reported by all reviews in a comparison or all studies if only single review included for comparison.
Light green: less consistent improvement (improvement in some reviews/studies/certain designs but no all reviews/studies/designs or improvement only in single study
with weak design (BA)).
Yellow: reviews included in the comparison or studies included in the review in case of a single review included for a comparison reported no difference between the
groups.
Grey: not clear, inconsistent results.
White: not assessed.
RCT: Randomized Controlled Trial; PG: Postgraduate; BA: Before After study; CT: Controlled Trial; UG: Undergraduate; CBA: Controlled Before After study; HC:
Health Care.
https://doi.org/10.1371/journal.pone.0254191.t003
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observed for improvement in skills with less consistent effect for improvement for knowledge,
attitude and behaviour [30]. An EBHC course was associated with consistently improved com-
posite scores of knowledge and skills [32, 36] and less consistently improved skills alone in
postgraduates [36, 40]; and with consistently improved knowledge and behaviour and less con-
sistently improved skills in one SR in undergraduates [40].
Face-to-face workplace education was associated with consistently improved knowledge,
skills and no difference as compared to pre-test scores for behaviour in postgraduates [46].
Clinically integrated EBHC teaching or educational interventions supporting implementa-
tion of EBHC was associated with consistently improved knowledge in postgraduates, [12, 37]
and undergraduates [30], consistently improved attitudes and behaviour in two reviews in
postgraduates [12, 37] and less consistently improved skills in postgraduates [12, 37] and in
undergraduates [30], inconsistent results regarding attitudes in undergraduates [30] and
improved patient outcomes reported in one [48] SR.
When different interventions were compared to each other, such as e-learning com-
pared to traditional face-to-face learning, similar effects were reported for knowledge and
attitudes [8, 30, 32] for all populations and for skills in undergraduates and mixed popula-
tions [8, 30]. Similar effects were also reported for computer assisted, self-directed learn-
ing of EBHC as compared to directed workshops [40] in undergraduates; and online
workplace based as compared to traditional face-to-face EBHC teaching in postgraduates
[46]. Face-to-face journal clubs were reported to be more effective in improving skills
compared to an online journal clubs in postgraduates [32]. Blended learning compared to
pure e-learning was reported to be associated with improved knowledge [8] in a mixed
populations, while results regarding skills were inconsistent in one SR [8]. The same SR
compared blended learning [8] to face-to-face learning and reported similar effects for
knowledge and skills for both groups, consistently improved behaviour and less consis-
tently improved attitudes.
Problem-based EBHC learning was associated with less improvements in knowledge and
attitudes compared to usual EBHC teaching in undergraduates [30].
Findings from studies included in the reviews. To be able to answer the review questions
according to the conceptual framework presented in Table 1, we described the findings from
studies that had been included in the reviews and provided more details on the evidence
around what works at which education level.
Figs 4–6 provide a detailed graphical presentation of a range of interventions assessed
across study designs, including different participant groups and the observed effects, as
reported in the individual studies. We used coloured symbols, namely green arrows and yellow
circles, to provide a simple display of the direction of the effect, either improvement or no
change in each of the specified outcomes. Explanation of the coloured symbols and abbrevia-
tions used are available alongside the figures. However, as we made no quality assessments at
individual study level, and did not determine the certainty of the evidence on the outcome
level, the following summary should only be regarded as a short presentation of the available
interventions and the expected outcomes from the included RCTs.
A number of studies consistently showed beneficial effects of various teaching approaches
at different levels of education. There is evidence from RCTs suggesting multifaceted interven-
tions improved knowledge, skills and attitudes in undergraduate students, while findings from
non-RCTs emphasized the use of small group discussions for changes in knowledge and atti-
tudes, or e-courses for changes in knowledge of undergraduates. For health professionals, mul-
tifaceted interventions with hands-on activities on the development of PICO question and
searching, as well as discussions and critical appraisal improved knowledge, behaviour and
attitudes, or skills, respectively. There is also evidence in favour of clinically integrated EBHC
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teaching for all participant groups. Findings from RCTs reported improvements in undergrad-
uates’ attitudes, as well as in knowledge and behaviour among interns. Residents’ knowledge
and skills were shown to improve following a clinically integrated blended learning, while
knowledge and behaviour in health professionals improved when discussions on EBHC were
implemented during ward rounds.
Fig 4. Illustrative display of the likely impact of different teaching approaches at different medical education
levels–summary from RCT. HP–health professionals, I–interns, R–residents, RCT- randomised controlled trial, UG–
undergraduates; Explanation of the coloured symbols used are provided on the figure.
https://doi.org/10.1371/journal.pone.0254191.g004
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Evidence from RCTs suggested blended learning might lead to improved attitudes and
behaviour among undergraduate students, or knowledge and skills among residents, either
compared to traditional face-to-face learning or to pure e-learning. Likewise, blended learning
was shown to be more beneficial for EBHC knowledge and skills among postgraduates as well.
Number of RCTs found that blended learning in the form of standard teaching with the use of
electronic online media improved health professionals’ knowledge, skills and attitudes.
Fig 5. Illustrative display of the likely impact of different teaching approaches at different medical education
levels–summary from non-RCT. CT–controlled trial, HP–health professionals, I–interns, MI–multiple intervention,
non-RCT–non-randomised study, Qual–qualitative study, R–residents, SI–single intervention, UG–undergraduates;
Explanation of the coloured symbols used are provided on the figure.
https://doi.org/10.1371/journal.pone.0254191.g005
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Workshops on critical appraisal delivered for residents in a non-RCTs and for undergradu-
ates in non-RCTs showed improvements in skills or skills and knowledge, respectively, along
with evidence from an RCT on positive changes in knowledge, behaviour and attitudes in
health professionals.
Fig 6. Illustrative display of the likely impact of different teaching approaches at different medical education
levels–summary from other study designs (i.e., before-after, qualitative studies). BA–before and after study, CBA–
controlled before and after study, HP–health professionals, R–residents, UG–undergraduates; Explanation of the
coloured symbols used are provided on the figure.
https://doi.org/10.1371/journal.pone.0254191.g006
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One non-RCT found that introducing interactive approach in teaching improved under-
graduates’ knowledge. According to the evidence from a large RCT (n = 441) there is no differ-
ence in residents’ skills after a traditional or an online journal club, with evidence from an
RCT suggesting pure e-learning improved health professionals’ attitudes and knowledge.
A total of 34 BA studies reported that clinically integrated multiple educational interven-
tions, especially when delivered in a clinical setting (such as during EBM ward rounds),
including work in small groups and hands-on training, might improve EBHC knowledge,
skills, attitudes and behaviour, and might also impact practice and contribute to the quality of
care and patient outcomes. These studies also reported on changes in practice, including
increased confidence in providing patient care, increased collaboration between colleagues,
and a tendency to pursue a multidisciplinary approach in problem-solving among healthcare
professionals following a 12-week multifaceted intervention course on EBHC.
Discussion
Summary of main results
This updated overview includes 22 SRs published between 1993 and 2019. These SRs
included RCTs and non-RCTS, evaluated a variety of educational interventions of different
formats, duration and frequency; covered various components of EBHC in a variety of set-
tings and evaluated a range of EBHC related outcomes measured with variety of tools. The
22 SRs included a total of 141 primary studies, with 60 of these included in more than one
SR, showing considerable overlap. Findings of SRs showed a consistent improvement in
EBHC knowledge across all populations and interventions compared to no intervention or
pre-test scores. There was also an improvement in EBHC skills, but this was less pro-
nounced in postgraduates and less consistent in the SRs of mixed population. Systematic
reviews found positive changes in EBHC behaviour in under- and postgraduates, but not in
mixed populations, and no consistent improvement in attitudes in any of the studied
groups. Only one SR addressed patient outcomes and this showed improvement in a variety
of patient outcomes [48]. Diversity of methodological approaches and of teaching activities,
as well as aggregated findings at the SR level made us unable to compare the effects of differ-
ent techniques at the SR level. As expected, findings presented in the SRs were quite consis-
tent with the findings from the individual studies, but an examination of the latter allowed
more detailed comparisons and inferences about level of medical education and type of
intervention. Considering only RCTs, any type of proposed educational interventions in a
group of health professionals was associated with improvement in EBHC knowledge and
behaviour as compared with control group receiving no intervention, while multifaceted
interventions focusing on critical appraisal, methodology and discussions were effective in
improving EBHC skills, compared to a control group.
For undergraduate students, all analysed interventions were associated with improved
EBHC attitudes, while the effects of other outcomes were less consistent. For interns, clinically
integrated educational interventions were more beneficial than traditional non-clinically inte-
grated education interventions in increasing EBHC knowledge and behaviour. For residents,
the most consistent results were achieved with blended (clinically integrated) learning com-
pared to pure e-learning, leading to improved EBHC knowledge and skills. The data with
potentially higher risk of bias from non-RCTs showed that multifaceted interventions com-
pared to no intervention improved EBHC knowledge, skills and attitudes among undergradu-
ate students, while blended learning showed a greater improvement in EBHC knowledge and
skills in postgraduates (compared to pure e-learning) and in healthcare professionals (com-
pared with no intervention).
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The first version of this overview [21] concluded, in 2014, that ‘future studies and system-
atic reviews should focus on minimum components for multifaceted interventions, assessment
of EBHC knowledge, attitude, skills and behaviour in the medium to long term, using vali-
dated assessment tools, and on how best to implement these interventions’; and that ‘further
evaluation should consider the effectiveness of e-learning and the influence of various teaching
and learning settings and the context within which teaching takes place.’ Among the newly
identified SRs, three referred to the recommendations for research of the original overview, [8,
47, 48] but only one clearly justified the conduct of the SR based on these recommendations.
The studies included in the new SRs were published between 1999 and 2017, and five out of six
new SRs included studies published in 2014 or later. However, the problems noted in 2014
overview regarding primary studies reporting on the intervention development, components,
and implementation, using validated outcome measurements although improved, remained.
Overall completeness, applicability and quality of evidence
Despite the wide searches in both the original overview and this update, only 22 SRs met the
inclusion criteria of our overview. For this update 36 of the 46 excluded reviews, and in the
total sample 39 out of 50 excluded reviews (78%) did not meet the criteria for a systematic
review pre-specified in our protocol for an update and for both original overview and an
update. These criteria included having predetermined objectives and predetermined criteria
for eligibility (in an update specified as having protocol), having searched at least two data
sources, of which one was an electronic database and having data extraction and risk of bias
assessment performed. All those 39 reviews did not refer to “a priori” design or having proto-
col or had it registered in PROSPERO. This highlights a previously raised issue of adherence
to methodological and reporting guidelines for research published as “systematic reviews”
[53], and limits completeness of the evidence identified.
In many cases, the interventions included in SRs in this overview focused on a single step of
EBHC, such as question formulation, searching or critical appraisal, while few focused on
EBHC implementation in clinical practice. Other reviews have also highlighted that medical
education often focused on teaching and assessing students on ‘ask, acquire and appraise’ [54,
55]. Almost all the included SRs focused on EBHC knowledge, skills, behaviour and attitudes,
with only a single SR addressing processes of care or patient outcomes. These outcomes are
however influenced by many factors due to the complex process [56] of translating evidence
into practice. This includes: whether a healthcare professional is seeking to use best evidence,
[48, 57] applicability of the evidence to the setting, availability of the interventions and related
clinical pathways, and patient preferences and adherence. Therefore, having EBHC knowledge
and skills, a positive attitude to EBHC, and being able to apply this (behaviour) is necessary
but not sufficient to change healthcare practice. We have identified one ongoing review using
a realist methodology which may provide more insights into the factors that influence the
effectiveness of EBHC teaching of residents [52] in relation to outcomes and context.
In general, the SRs in this overview included a wide range of studies of various designs that
had been published between 1981 and 2017. These studies assessed a variety of interventions,
populations, healthcare professionals at different points of their careers and settings. However,
most of the included studies were conducted in high-income countries, which may limit appli-
cability of their findings to those teaching and learning EBHC in low- and middle-income
countries (LMICs). Applicability of the findings is further limited by poor reporting of the
interventions and their content [58], which hinders implementation in practice.
Kumaravel et al, who classified available EBHC tools according to the assessment of EBHC
practice, the educational outcome domains that were measured and their quality and
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taxonomy, found that the step ‘appraise’ was the most frequently assessed using a validated
tool [55]. Other steps (ask, acquire, apply) were assessed less often, while the assessment of the
step ‘assess’ was completely lacking. In our overview, some studies used validated question-
naires, such as the Berlin questionnaire [59] or Fresno test [60], but many did not provide
explicit information about validation of the instruments used in outcome assessment, which
further limits the applicability of our findings to clinical practice. Saunders et al. also raised an
issue of lack of compatibility between self-reported and objectively measured EBHC compe-
tencies, with possible overestimation with self-assessments. In our overview the majority of
included reviews either not specified clearly what type of instruments were used in primary
studies or included a mixture of studies with both self-assessed and objectively assessed out-
comes, which may further limit applicability of our findings to clinical practice [61].
Despite limiting this overview to only those SRs that met our basic criteria for a SR as pre-
specified in our protocol, the quality of the included SRs was not optimal. The main shortcom-
ings were not using satisfactory risk of bias assessment in individual studies included in the
review an inadequate search and failure to provide a list of excluded studies with justification
for exclusion and in the SRs included in the original version of the review–also lack of proto-
col. Many of the SRs we included were poorly reported, with several not providing sufficient
information on the characteristics of included studies and their findings.
Limits and potential biases in the overview process. To minimize risk of bias, the process of
the updated overview followed standard procedures as specified in the original version of the
overview. We only used more specific definition of a SR and modified the search, which was
limited to Epistemonikos for this overview, rather than being performed in the individual data-
bases searched in the previous overview because these are now covered in Epistemonikos. We
checked additional sources for ongoing and unpublished SRs, and conducted study selection,
data extraction and quality assessment in duplicate. We also followed PRISMA guidelines when
reporting our methods and findings. However, our findings are limited by methodological
flaws in the included SRs and, in turn, in the studies they included, heterogeneity of assessed
interventions and outcome measures, and short term follow up. Since the data were presented
mostly narratively in the included SRs, to further understand what works we attempted to
gather more information on interventions and their effects by referring to the included studies,
but we have not conducted quantitative data extraction and quality assessment of these studies
due to the nature of our research, which is an overview of SRs rather than a new SR.
Conclusions
This updated overview of SRs confirms and strengthens the findings of the previous version of
the overview and shows that teaching EBHC, including e-learning, consistently improved
EBHC knowledge and skills at all levels of medical education and behaviour in under- and
postgraduates, while attitudes towards EBHC were not consistently improved. However, there
is still little evidence on the influence of EBHC teaching on processes of care and patient
outcome.
Implications for practice
Generally, we should be teaching and learning EBHC while ensuring that it is interactive, inte-
grated into clinical practice, using multifaceted interventions, and should include assessments.
In addition, wider implementation of e-learning should be considered, as an adjunct to
blended learning (mix of face-to-face and e-learning). Other factors such as resources, feasibil-
ity and preference of learners need to be taken into consideration when planning EBHC learn-
ing activities.
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Implications for research
Further SRs evaluating the effectiveness of teaching EBHC compared to not teaching EBHC
are not needed. Instead, future SRs should compare various strategies to teach EBHC and
should follow robust methods, including prospective registration of the titles and pre-specified
protocol, comprehensive searches, proper risk of bias assessment and transparent reporting of
methods and results. Future primary studies should be more robust (preferably well-designed
RCTs) and should compare various strategies in various settings with a longer follow up (at
least one year after completion of the course); and use validated tools for the assessment of out-
comes. Studies should also aim to measure EBHC behaviour in clinical practice and patient
outcomes, not just knowledge, skills and attitudes. In general, there is also a need for studies in
LMIC countries as they were lacking in included SRs. The reporting of studies should also be
improved, to provide sufficient information on the populations and interventions studied.
Authors should consult the GREET reporting guidelines, [58] that provide guidance on the
reporting of educational interventions for evidence-based health care.
Differences between the protocol for primary overview and update of the
overview
Searches were modified. The protocol for the original overview and its actual searches used a
variety of electronic sources, such as the Cochrane Library (April 2013), The Campbell Library
(April 2013), MEDLINE (April 2013), SCOPUS, the Educational Resource Information Center
(ERIC), the Cumulative Index to Nursing and Allied Health Literature (CINAHL) (June 2013)
and the Best Evidence Medical Education (BEME) Collaboration. For this update, the MED-
LINE search strategy used in the original overview was adapted for a search of Epistemonikos.
Additional identification of ongoing reviews was performed by searching PROSPERO,
Cochrane Database of Systematic Reviews, JBI Evidence Synthesis, Campbell Library and
BEME.
Eligibility criteria for the original overview were: „Systematic reviews were defined as those
that had predetermined objectives, predetermined criteria for eligibility, searched at least two
data sources, of which one needed to be an electronic database, and performed data extraction
and risk of bias assessment.” For the update the criteria were specified in more detail as fol-
lows: „Eligible SRs had to have predetermined objectives and predetermined criteria for eligi-
bility (a protocol), have searched at least two data sources (including at least one electronic
database), and have performer data extraction and risk of bias assessment of included studies.
When no information about the protocol was provided in the article we checked in PROS-
PERO and contacted the authors via e-mails.”
For the assessment of methodological quality AMSTAR2 –the most up-to-date version of
AMSTAR tool was used, while in the original version of the review previous version of
AMSTAR tool was used.
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